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in 1975 a wind tunnel test program was conducted in the Boesing-Vertol 20-foot V/STOL 
Wind Tunnel on a 1/Sth-scale UTTAS model to investigate and find solutions for several 
aerodynamic problems encountered during the UTTAS flight-testing. Specifically, these 
tests focused upon (a) the structure of the hub/rotor wake in the vicinity of the empennage, 
(b) the formulation of the ground vortex and its relation to hub loads and fuselage loads 
during transition, and (c) the occurrence of vibratory air pressures from the blade passing 
over the fuselage. Only portions of the above-mentioned wind. tunnel test data 
and analyzed in addressing the flight-test problems of the UTTAS aircraft. 

the 


understand more completely the aerodynamic interactions that are involved and to formulate 
instructions for the guidance of designers in these respects. The results of these studies are 
applicable to all existing and future single-rotor/tail rotor helicopters. The data have been 
segregated according to aerodynamic interactions and associated phenomena/problem areas. 
From this body of knowledge, a generalized set of design guidelines meaningful to the 
single-rotor helicopter design concept formulation were developed and are included in these 
reports. 


Mr. Robert P. Smith af the Aeronautical Technology Division, Aeromechanics Technical Area, 
served as project engineer for this effort. 
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Volume VIII of an eight~volume report 
Volume VIII is comprised of three sub-volumes (A thru C) 
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This is the first of the three volumes of Volume VIII containing 


frequency 
wage trographs of the model heltcopter hub/rotor wake velocities derived from 

Single-film velocity transducer dat=. This sub-volume deals with the 
wake changes as the model ts built up to the baseline wears” 
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The entire report describing the investigation of INTERACTIONAL AERODYNAMICS OF 
THE SINGLE-ROTOR HELICOPTER CONFIGURATION comprises eight numbered volumes 
bound as 33 separate documents. The complete list of these documents is as follows: : 


ig Volume I, Final Report i ciaiiaiad 


Volume II, Harmonic Analyses of Airframe Surface Pressure Data 
Runs 7-14, Forward Section 

— Runs 7-14, Mid Section 

— Runs 7-14, Aft Section 

— Runs 15-22, Forward Section 

— Runs 15-22, Mid Section 

Runs 15-22, Aft Section 

— Runs 23-33, Forward Section 

— Runs 23-33, Mid Section 

— Runs 23-33, Aft Section 
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Split-Film Data 
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INTRODUCTION 


Volume VIII is similar in its format to Volume VII, presenting 
machine plotted spectrograms. Here the velocity data from the 
single film outboard transducers is considered in contrast to 

the split film data of Volume VII which gave flow angle infor- 
mation as well as velocity. The data analysis here was conducted 
for a limited number of test runs as it is of secondary interest. 
The runs are the same as for the harmonic analysis of Volume V. 


The sub-volumes of Volume VIII display data derived from the 
following test runs: 


Volume yiir-a - 149, 150, 160, 156, 158, 159 

Volume vitr-3 - 111 -119, 121, 135, 136 

Volume VIII-c 188, 211, 168, 167, 194, 161, 154, 172,174, 
176, 203,205,197 


These runs follow the order of the logical arrangement of the 
Outline of Wake Investigattons, Table 1, from which they have 

been selected. The Table I outline and other material is included 
for reference and as context to the work of each sub-volume. 

Table 2, the List of Test Runs, arranges the runs in numerical 
order and gives pertinent text parameters. 


The Index of Rake Posttions, Table 3, lists the hot film transducer 
rake posittons tn the model coordinate system for each run and its 
test potnts. The matn feature of Table 3 is the indexing of the 
test point number to the model water line station and butt line 

as ft varted from run to run. The table groups the runs as they 
shared the indexing correspondence of point with position. It is 
emphastzed that the runs tn a group do not necessarily all share 
the same number of test points but they do have same correspondence 
wtthtn thefr respecttve ranges of test points. 


The ortentation of rake is shown pictorially in Figures 1 through 
6 for the various test runs. Figure 7 presents a scaled drawing 
of the model with reference to the three-axis coordinate system. 


TABLE 1 
OUTLINE OF WAKE INVESTIGATIONS 


FE a ee ee ee 


Build-up to Baseline 
1. 


Nacelles removed 
Blades off, rotating hub 


3. " ", non-rotating hub 


4. - " , hub off 


ETT a ee ere 


Basic Configuration 
1. Wake Explorations near Empennage 
15” Long. + traverse at T/RC.L. 


Lateral 
(Qne T.P. cnly) 
Same continued 


(h) Same continued (Qne T.P. mly) 
(i) Lateral traverse right stab. 
(j) T/R effect on wake 


Effect Of Hub Caps 


1. Solid Caps om Canister 
(a) 7.6" diam. 2.17" ht. soft 
Pitch Ams 
(b) 7.6" diam. 2.17" ht. stiff 


Pitch Arms 
(b) 7.6" diam. 2.45" ht. fit. 
test config. 


RK, “Hy 9 +H, 2 


K, 3 +H, 2 


Ky 3 +H, 2.1 +1; 


TABLE 1 (CONTINUED) 


OUTLINE OF WAKE INVESTIGATIONS 


(a) 7.6" diam. 2.45" ht. 70" 
depth, .55 gap 

(b) 10.0" dian. 3.25" ht. 1.55" 
depth, .50" gap 

(c) 10.0" diam. 4.125" ht. 
2.05" depth, .875" gap 

(d) Repeat of 189 


Open Caps Without Underbody 


pos 10.0" diam. 1.25" gap,blades 
(b L] " w 


(c) 
(a) " " 1.75" gap, no 


(e) " " 1.87" gap,blades 
(£) 16" diam. 2.00" gap,blades 
et "gap, no 
blades 
4.00" gap,blades 


Hy .8.itli +E .0 


Ay) .14.1t2, +E, 0 
1.0.17M 


Hi .0.3+t1, +E). 0 


(a) 7.6" diam, 1.25" gap 
(b) ” n w w 
(c) " = " " center 


(a) 10.0" dian. .5" gap, no 
b 


(e) i " 1.25" gap, no 
blades 
(By. 3 vse 1 ed 7: > 


4.0" 9: 
@). 5 Lao oo 


TABLE 1 (CONTINUED) 
OUTLINE OF WAKE INVESTIGATIONS 


Miscellaneous Hub Covers 


(a) Hub fairing 16" dian. 
(b) Wham-O-Frisbee 10" diam. 
(c) Fab. glass Frisbee 16" dian. 


Same Contoured Parallel 150 psi 


Bifurcated duct 0 psi 
" " 40 psi 
. : "150 psi 


Sees ek ees 


Air Ejectors with Open Hub Caps 
with Underbodies 


1. 7.6" diam. 1.25" gap, 0 psi 


4. " n " 20 psi 

3. " " n aD 40 psi " " " 
“ee aie, 8 a * 
Beg 4 : " 0 psi Hy 11.1 +12 +Ey.0 
6. " " A] " 40 psi n " " 

a. eS ee ee ee 


8. Same with center post 
9. 10.0" diam. 2.0" gap wide ch'd 
shroud (150 psi) 


Hi.11.2tZ2t+Ey.¢ 
Hy .5.4tE2.5.1 


Wings 
(a) Nacelle-mounted stub wing 

(b) Single slotted flapped wing 
(c) Dougle slotted flapped wing 
(d) Boam-mounted stub wing 


| 
| 
ia 
| 
| 
| 
| 
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TABLE 1 (CONTINUED) 
OUTLINE OF WAKE INVESTIGATIONS 


Configuration Base- 
Description Code* line 


Fairings 
(a) Flat top behind shaft 
| (b) Round top behind shaft BR 
(c) Extended flat top fairing 
(d) Flat top + 16" cap, 4" gap 
(e) Forward fairing/nacelle fairing 


Ki1+VG2 1 
K1,1+FV} 
Hi.5, 3+Sy 
(da) 14% porosity spoiler K11+X} 


*Basic Code is K13 unless 
noted otherwise. 
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TABLE 3 CCONTINUED) 
INDEX TO RAKE POSITIONS 
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TABLE 3 CCONTINUED) 
INDEX TO RAKE POSITIONS 


138-41, 143 
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TABLE 3 CCONTINUED) 
INDEX TO RAKE POSITIONS 


‘152-6, 158 
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TABLE 3 CCONTINUED) 
INDEX TO RAKE POSITIONS 


RUN TEST MODEL BUTT LOCATION 
NUMBER POINT STATION LINE FIGURE 


168, 183 
" 
1] 
1 


he 
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173,174,176 
185,195,19 
199, 200, 205 
210 


TABLE 3 CCONTINUED) 
INDEX TO RAKE POSITIONS 


RUN 
NUMBER 
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FIGURE 7 -1/4.85 SCALE MODEL GEOMETRY AND 
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